Background
==========

Vitamin D is an essential nutrient required for the processes of bone metabolism and growth \[[@B1]\]. Need for vitamin D and calcium is higher in some periods of life including rapid growth of the embryonic period, infancy, early childhood and puberty, pregnancy, lactation and aging. Deficiency of vitamin D and calcium has more adverse effects at these times \[[@B2]\].

During pregnancy, major changes occur on the metabolism of vitamin D, calcium and parathyroid hormone to provide the calcium needed in fetal growth and bone mineralization especially in the last trimester of pregnancy \[[@B3],[@B4]\].

Various factors such as nutrition, alcohol and caffeine consumption, the sun exposure, skin pigmentation, obesity, physical activity, clothing and seasonal variation can affect vitamin D status and bone metabolism during pregnancy \[[@B5]-[@B11]\]. Smoking during pregnancy has been recently focused Cigarette smoking imposes many people to environmental smoke at home, work or public places \[[@B12]\]. People are passive smokers in Iran at home (41.7%) and out of home (50.6%) \[[@B13]\]. It has been reported that 97.4% of smokers' wives had cigarette smoke exposure during pregnancy \[[@B14]\]. Cigarette smoke exposure during pregnancy has effects on pregnancy outcomes such as increased spontaneous abortion \[[@B15]\], low birth weight \[[@B16],[@B17]\], placenta detachment, premature rupture of membranes, intrauterine growth restriction \[[@B18]\] and vaginal bleeding \[[@B19]\]. Smoking during pregnancy could affect bone metabolism and leads to diminished maternal and neonatal bone mass density \[[@B20],[@B21]\].

Vitamin D deficiency was seen in mothers (66.8%) and infants (93.3%) in Iran \[[@B22]\]. There are few studies about the impact of smoking on bone metabolism, the status of 25-hydroxy vitamin D and parathyroid hormone system during pregnancy which the majority of them have investigated the smoker women \[[@B4],[@B20],[@B21]\]. There is no study evaluating the impact of being a passive smoker during pregnancy on vitamin D and biochemical parameters in mothers and newborns.

Because of the importance of vitamin D effects on bone metabolism and fetal growth status and complications of its deficiency in pregnant women and their infants \[[@B3],[@B5]\]. This study was designed to assess the effect of cigarette smoke exposure on vitamin D levels and PTH system in maternal and infant at delivery.

Methods
=======

Ahistorical cohort study was performed from March 2010 until May 2010. All non-smoker pregnant women who referred to a university hospital for delivery in Tehran were recruited consequently based on their reports; 54 cigarette smoke exposed subjects and 54 non-exposed subjects. The exposed group included non-smoker women who were passive smoker to a person with a regular (daily) smoking living at home or at work with them. Inclusion criteria were Iranian nationality, gestational age between 38--40 weeks and having term and healthy infant,, Exclusion criteria were history of tobacco use in mother, history of other tobacco use than cigarette in the smoker person, having chronic illnesses such as granulomatous disease, malignancies, hypertension, diabetes mellitus, hyperparathyroidism, thyroid dysfunction, kidney disease, liver or any chronic disease that affect calcium or vitamin D metabolic process, taking drugs affecting calcium or vitamin D metabolism such as phenytoin and corticosteroids during pregnancy, and recent consumption of vitamin D and calcium supplements as therapy (such as oral pills and injectable vitamin D3 and oral vitamin D2) during the past 6 months.

Demographic characteristics and data on exposure to cigarette smoke during pregnancy were recorded using cigarette smoke exposure questionnaire \[[@B23]\]. Subjects' lifestyle was assessed by lifestyle questionnaire \[[@B11]\]. The nutrition habits and amount of calcium and vitamin D intake during pregnancy was evaluated by a questionnaire designed by the Department of Nutrition Sciences of Endocrinology and Metabolism Research Institute. Pregnancy Health Care files were used to record maternal height and weight in early pregnancy.

All mothers gave written consent to participate in the study for themselves and their infants. The study protocol was approved by ethics committee of Tehran University of Medical Sciences.

Measurement of exposure to cigarette smoke
------------------------------------------

Cigarette exposure during pregnancy was evaluated through questionnaires \[[@B23],[@B24]\] completed by researchers interviewed by subjects. They were assessed for exposure at home or work place. The number of cigarette and time of exposure were also recorded.

Cotinine level of maternal urine and umbilical cord serum
---------------------------------------------------------

Urine samples of mothers in hospital and umbilical cord blood of newborns were obtained in both exposed and non-exposed groups to evaluate the level of cotinine (The main metabolite of nicotine). Centrifuge to separate serum of cord blood was done in the hospital laboratory. Specimens were transferred to Toxicologic Laboratory of TarbiatModares University in cold environment and were storedat-20°C until analysis.

Cotinine levels were measured using ELISA kits (Calibotech, USA) according to the procedure set in accordance with the kit (competitive immunoassay on solid phase) and based on area under the curve. The levels were expressed according to the internal standard as a continuous quantity. Limit of Detection was 1 ng/ml. Cotinine level of urine more than 7 ng/ml was considered positive and for umbilical cord serum cut-off point was 2 ng/ml. For higher than these cut-off points regular cigarette exposures had been indicated.

Vitamin D measurements and biochemical parameters
-------------------------------------------------

Fasting blood samples were collected from mothers (5 cc, at the morning of delivery day,) and umbilical cord (5 cc, after birth). Centrifuged serum samples were transferred to the Hormone Laboratory of the Endocrinology & Metabolism Research Center (EMRC) and were kept at -80°C. The serums were evaluated for 25-hydroxy vitamin D by ELISA method (IDS kit, Immunodiagnostic systems co.,UK),intra assay and inter assay coefficients of variation (CV) were 5.3% and 4.6% respectively. The normal range was considered 75--374 nmol/l (30--150 ng/ml) \[[@B25]\]. Vitamin D insufficiency is defined as a 25OHD concentration of 20 to 30 ng/mL (50 to 75 nmol/L),concentration of 25-hydroxy vitamin D less than 50 nmol/l (20 ng/ml) was considered deficiency and less than 25 nmol/l (10 ng/ml) was considered severe deficiency of vitamin D \[[@B25]\]. Parathyroid hormone also was measured by ELISA method (IDS kit, Immunodiagnostic systems co.,UK) with normal range 0.8-3.9 pmol/l with a CV of the intra assay 4.4% and inter assay 4.7%. Calcium, phosphorus, and alkaline phosphatase were measured with the auto analyzer (pars azmoon co., Iran).

Statistical analysis
--------------------

*T*-test and Mann--Whitney *U* test were used to compare quantitative measures and chi-square to compare the frequency between the two groups. The comparisons performed on two bases:A.based on maternal self report of being exposed to cigarette smoke, and B. based on cut off point selected for urine cotinine level. Indeed, there was a cross classification between the two groups applying these two approaches. The correlation between two variables was assessed using Pearson coefficient, and Spearman if needed In some cases median (quartiles) was expressed since the distributions of some parameters were not normal. All analyses were performed with SPSS v.16 software. P value less than 0.05 was considered as significant.

Results
=======

Demographic data and baseline characteristics
---------------------------------------------

The demographic data and baseline characteristics could be seen in Table [1](#T1){ref-type="table"} As it could be seen in Table [1](#T1){ref-type="table"} there was no significant difference between gestational age and women's age, and also education level and jobs between exposed and non-exposed groups. Also no significant difference was found in sun exposure, exercise, caffeine consumption (tea, coffee), cola and alcohol drinks and body mass index. The consumption of dietary supplements and daily calcium and vitamin D intake during pregnancy were not significantly different between the two groups (Table [1](#T1){ref-type="table"}).

###### 

Demographic data and baseline characteristics

  **Variable**                                   **Exposed (n = 54)**   **Non-exposed (n = 54)**   **p value**
  ---------------------------------------------- ---------------------- -------------------------- -------------
  Age (years)\*                                  29.04 ± 5.69           28.07 ± 4.90               0.384
  Education level                                                                                  0.079
  No                                             5(9.3%)                0                          
  Preliminary                                    8(14.8)                5(9.2)                     
  Guidance school                                11(20.3)               11(20.3)                   
  High school                                    8(14.8)                3(5.6)                     
  Diploma                                        19(35.2)               28(51.8)                   
  Higher than diploma                            3(5.6)                 7 (13)                     
  Women's job                                                                                      0.113
  Housewife                                      1(1.9)                 6(11.1)                    
  Outdoor job                                    53(98.1)               48(88.9)                   
  BMI (kg/m^2^)                                                                                    0.917
  \<18.5                                         2 (3.7%)               3 (5.6%)                   
  18.5-24.9                                      33 (60.1)              31 (57.4)                  
  25-29.9                                        14 (25.9)              16 (29.6)                  
  30-39.9                                        5 (8.3)                4 (7.4)                    
  Sun exposure                                                                                     0.379
  Every days                                     9 (9.3)                10 (18.5)                  
  Sometimes                                      33 (68.5)              33 (61.1)                  
  No exposure                                    12 (22.2)              11 (20.24)                 
  Sun exposure days in a week \*                 3.97 ± 1.40            4.39 ± 1.64                0.211
  Exposure time in a day (minute)\*              21.07 ± 8.37           19.41 ± 5.36               0.284
  Exercise                                                                                         0.846
  Yes                                            23 (42.6)              24 (44.4)                  
  No                                             31 (57.4)              30 (55.6)                  
  Exercise days in a week \*                     4.18 ± 1.78            4.46 ± 1.50                0.507
  Exercise time in a day (minute)\*              33.06 ± 16.96          29.33 ± 12.43              0.330
  Tea drinking                                                                                     0.451
  Yes                                            54 (100)               53 (98.1)                  
  No                                             0 (0)                  1 (1.9)                    
  Consumed tea per day (cc)                      465.18 ± 293.55        413.61 ± 280.30            0.353
  Coffee drinking                                                                                  0.728
  Yes                                            4 (7.4)                5 (9.3)                    
  No                                             50 (92.6)              49 (90.7)                  
  Consumed coffee per day)cc)                    2.77 ± 10.93           3.88 ± 15.31               0.665
  Caffeine consumption                                                                             0.133
  Yes                                            20 (37)                12 (22.2)                  
  No                                             34 (63)                42 (77.8)                  
  Caffeine consumption per day (cc)\*            27.70 ± 50.10          10.46 ± 27.06              0.032
  Supplement drug use                                                                              0.084
  Yes                                            45 (83.3)              46 (85.2)                  
  No                                             9 (16.7)               8 (14.8)                   
  Nutritional calcium intake per day (mg/dl)\*   1073.24 ± 533.40       1129**.** 22 ± 392.81      0.536

\*the data are expressed as mean ± SD or median (quartile). P value less than 0.05 was considered significant.

Exposure to cigarette smoke
---------------------------

All passive smoker mothers had experienced their exposure at home, not in the workplace. Husbands of the pregnant women were found to be the main source of exposure (81.4%). More than half of the exposed subjects (53.7%) had a smoker friend or relative in their home during gestation. The median number of cigarettes consumed at home was six within all trimester. The average time of exposure to cigarette smoke during pregnancy was 30 minutes per day. More than half of the positive group (59.3%) lived in one room with the smokers. More than 95% of subjects reported exposure to cigarette smoke before pregnancy.

Maternal urine and umbilical cord serum cotinine
------------------------------------------------

Geometric mean of cotinine in urine and umbilical cord serum in the exposed group was significantly higher than non-exposed (27.4 ± 29.96 ng/ml vs. 0.75 ± 2.29 and 3.71 ± 1.22 ng/ml vs. 0.404 ± 0.63, p \< 0.001, respectively)

Mothers' Vitamin D status and biochemical parameters
----------------------------------------------------

We found a low level of 25(OH)vit D in both exposed and nonexposed group (according to urine cotinine level) respectively with no significant differences.(9.28 ± 5.19 ng/ml vs. 10.75 ± 5.26 ng/ml, *p* value \> 0.05). Parathyroid hormone level was higher in mothers with positive cigarette exposure according to the self-reported exposure (p = 0.039) and maternal urine cotinine level (p = 0.013), (Table [2](#T2){ref-type="table"}). Maternal serum calcium level was lower in the exposed group than the non-exposed subjects according to the self-reported exposure (p = 0.04) and maternal urine cotinine level (p = 0.024). There were no significant differences between groups in serum phosphorus level. Alkaline phosphatase levels in the exposed group was found to be higher than other group based on self-reported exposure (p = 0.006) and maternal urine cotinine (p = 0.024) (Table [2](#T2){ref-type="table"}).

###### 

Vitamin D and other biochemical factors of maternal serum (mean ± SD)

  **Variable**                    **Cigarette smoke exposure status**                                                                 
  ------------------------------- ------------------------------------- ----------------- ------- ----------------- ----------------- -------
  25- hydroxy vitamin D (ng/ml)   9.31 ± 5.19                           10.72 ± 5.26      0.163   9.28 ± 5.19       10.75 ± 5.26      0.149
  Calcium (mg/dl)                 8.71 ± 0.42                           8.90 ± 0.54       0.04    8.70 ± 0.41       8.91 ± 0.54       0.024
  Parathyroid (pmol/l)            1.73 ± 1.96                           1.281 ± 2.72      0.039   1.78 ± 1.90       1.24 ± 2.30       0.013
  Phosphorous (mg/dl)             3.54 ± 0.60                           3.76 ± 0.61       0.060   3.55 ± 0.60       3.74 ± 0.610      0.106
  Alkaline phosphatase (IU/l)     396.26 ± 126.84                       332.48 ± 107.28   0.006   390.63 ± 124.53   338.11 ± 112.94   0.024

\*the data are expressed as mean ± SD. P value less than 0.05 was considered significant.

Infants' Vitamin D status and biochemical parameters
----------------------------------------------------

Vitamin D levels in none of the infants were in normal range. The level of 25-hydroxy vitamin D in cord serum was not statistically lower in the exposed group (10.83 ± 6.68 ng/ml vs. 11.05 ± 4.99 ng/ml, *p* value \> 0.05). There was no significant difference between the two groups in 25(OH)D, calcium, parathyroid hormone, phosphorus, and alkaline phosphatase levels (Table [3](#T3){ref-type="table"}). There was significant correlation between 25-hydroxy vitamin D level in the maternal serum and umbilical cord serum in both exposed and non-exposed subjects (r = 0.824,P \< 0.001,).

###### 

Vitamin D and other biochemical factors of umbilical cord serum (mean ± SD)

  **Variable\***                   **Cigarette smoke exposure status**                                                              
  -------------------------------- ------------------------------------- ---------------- ------- ---------------- ---------------- -------
  25- hydroxy vitamin D (ng/ml)    10.83 ± 6.74                          11.05 ± 4.94     0.847   10.83 ± 6.68     11.05 ± 4.99     0.846
  Calcium (mg/dl)                  10.06 ± 0.61                          10.28 ± 0.86     0.134   10.04 ± 0.62     10.31 ± 0.85     0.690
  Parathyroid Hormone^£^(pmol/l)   0.30(.28-.40)                         0.30(.20-.43)    0.912   0.30(.30-.40)    0.30(.30-.40)    0.942
  Phosphrous (mg/dl)               5.66 ± 0.72                           5.71 ± 0.78      0.741   5.66 ± 0.71      5.72 ± 0.79      0.687
  Alkaline phsphatase (IU/l)       390.09 ± 148.25                       351.44 ± 81.74   0.097   389.67 ± 146.9   351.15 ± 82.49   0.095

\*the data are expressed as mean ± SD. P value less than 0.05 was considered significant.

^£^parathyroid Hormone is expressed as median.

Vitamin D, calcium, phosphorous and alkaline phosphatase were compared by *t*-test and parathyroid by Mann--Whitney *U*test.

Discussion
==========

In this historical cohort study we aimed to evaluate the effects of smoke exposure during pregnancy on vitamin D levels and biochemical parameters in mothers and their neonates. The results showed that the level of 25-hydroxyvitamin D of mothers and infants were lower in exposed group, but this difference was not statistically significant. Maternal serum calcium of the exposed group was lower than the non-exposed group and the parathyroid hormone levels and alkaline phosphatase were found to be higher in the exposed group. Serum 25-hydroxyvitamin D was shown to be correlated between mothers and infants within both exposed and non-exposed groups. Diaz-Gomez et al. findings showed that smoking during pregnancy decreases serum levels of vitamin D in mothers and newborns at delivery time and also indicated that smoking reduces parathyroid hormone levels and increases serum phosphorus levels in the mothers and neonates \[[@B4]\]. But serum calcium and alkaline phosphatase levels of smoking mothers and their infants has been shown to have no change \[[@B4],[@B20]\].

In a study on the pregnant smokers and non smokers in the Spain, the concentration of 25-hydroxyvitamin D in the maternal and umbilical cord serum was shown to be non-significantly lower in smokers \[[@B4]\] which was in line of our findings. Vitamin D deficiency leads to impaired intestinal calcium absorption and thus reduces the serum calcium levels \[[@B26]\]. The level of vitamin D in the two groups was low, and it was followed by significant reduced serum calcium levels in the exposed group. This finding could be due to direct interaction between cigarette materials including nicotine and calcium receptors which leads to impaired intestinal calcium absorption and consequently reduced calcium levels. Increased levels of parathyroid hormone and alkaline phosphatase found in the exposed group could be resulted from the effect of reduced serum calcium levels. Elevated parathyroid hormone causes increased bone turnover resulting in higher serum alkaline phosphatase levels \[[@B26]\]. Similar findings had been reported in a cohort study which found higher level of parathyroid hormone in the smokers than non-smokers \[[@B27]\].

In the results of some other studies reduced serum levels of vitamin D was associated with decreased parathyroid hormone levels and subsequent increase in serum phosphorous \[[@B4],[@B28],[@B29]\]. Nicotine receptors in the parathyroid glands which inhibited the gland was stated as a probable mechanism \[[@B4]\]. These findings are in contrast to the findings of the present study. These controversies could be due to vitamin D deficiency in pregnant women in the present study and low vitamin D in their diets. This deficiency was higher in the exposed group. Several studies have reported severe vitamin D deficiency in the general population \[[@B30]-[@B32]\] and pregnant women \[[@B22],[@B33]\] in Iran. There are numerous confounding factors which are effective on vitamin D reduction \[[@B9],[@B11],[@B22]\]. In our study Vitamin D deficiency was seen in both groups so the effect of smoke on vitamin D levels could not be evaluated.

Neonatal vitamin D status is highly related to the amount of transfused vitamin D through placenta and its levels at birth \[[@B34]\] and maternal vitamin D deficiency causes vitamin D deficiency in infants \[[@B35]\]. The findings of the present study also confirm this relationship; serum levels of 25-hydroxyvitamin D in mothers and infants had a significant correlation within both exposed and non-exposed groups \[[@B5],[@B33],[@B34],[@B36],[@B37]\]. According to findings no significant difference was found in 25- hydroxy vitamin D, calcium, parathyroid hormone, and phosphorus and serum alkaline phosphatase levels of the umbilical cord between two groups. Gomez and colleagues reported significant difference in serum 25- hydroxyl vitamin D, parathyroid hormone and phosphorus levels of umbilical cord between groups \[[@B4]\]. Neonates of smoker women had lower parathyroid hormone and 25- hydroxyl vitamin D and higher phosphorus level \[[@B4]\]. In this study, all neonates' cord blood had low parathyroid hormone level which could be resulted from higher calcium levels of umbilical cord than mothers. When the total calcium increases, ionized calcium levels would be also increased. Higher ionized calcium leads to more decrease in the fetal parathyroid hormone levels than the mother. As limitations, in our study, parathyroid hormone levels were evaluated using amino terminal (N-terminal) method. In this method the parathyroid level of umbilical cord could be much lower and sometimes immeasurable \[[@B38]\].

Low sample size and no evaluation of ionized calcium seem to affect our findings so a study on a larger sample size and broader community is needed to evaluate all confounding factors.

Conclusions
===========

The results showed that exposure to cigarette smoke had adverse effects on pregnant women. The serum vitamin D level was not significantly different in mothers and infants between two groups, but it was lower in the exposed group. This reduced level resulted in lower calcium level and higher serum levels of parathyroid hormone and alkaline phosphatase in mothers and infants of exposed group. This was the first research evaluated the effect of cigarette smoke on vitamin D levels and biochemical parameters on pregnant passive smokers and their fetuses. The previous studies have evaluated the effect of maternal smoking on the vitamin D levels and biochemical parameters. Considering the high prevalence of exposure to cigarette smoke during pregnancy and Vitamin D deficiency in Iran further studies with larger sample size is recommended.

Considering the vulnerability of women in this critical period of life and the effects on the infant's health, these results suggest interventions in reducing smoke exposure during pregnancy and greater use of vitamin D and calcium supplements during pregnancy offers. In addition to pregnant women, their spouse must be aware of the potential complications associated with smoking and vitamin D deficiency in this important period of life.
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